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Fig. 1 Schematic of pre-composited rod
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Table 1 Different configurations of pre-composited rods

Fr45 1 INTARE A dy /mm MFRKE H /mm
AT 0 0
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HE AR 3 5.5 30

KT 25 mom P4 0 9 JRE AR R AT S S i A 3 A A 2 R
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Fig. 2 Schematic of test layout
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(a) Homogeneous rod (b) Pre-composited rod 1 (c) Pre-composited rod 2 (d) Pre-composited rod 3
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Fig. 3 Experimental results
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Table 2 Different configurations of pre-composited rods

MH¥  o/(geecm ®) G/GPa o,/MPa y

93 45 17.6 136 1506 1.54
Tk AL 85 14.7 254 5100 1.50
45 4N 7.85 77 700 2.17

P 4 T A AT AR A B AT PR AR Y

Fig. 4 Finite element model of pre-composited rod penetrating target
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Fig. 6 Finite element model of pre-composited rod penetrating target
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(a) Homogeneous rod section (b) Composited rod section (¢) Crater section
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Fig. 7 Pre-composited rod’s three divisions
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Fig. 8 Motion and variation of pre-composited rod
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5 N=0.31, MlMu%ﬂwﬁﬁAﬁW3m&H&m%%ﬁ&ﬁh—l)Dl EMﬁAﬁGD»

RKAG N=0.32, #HMEREE 1310 m/s WETEHEGFE 198RS T“E’Jkﬁ@iﬁ@%% 15 21 2% B Be Y
AL AR BIR EE AN 4 FroR . TR B PR T oL R ?ﬂﬁﬁﬂﬁl@lblfﬁ{ﬁ,ﬁﬁ%% 3 ik
EHEAT LA AN 5 o .

013302-9



moo% 5 & 5% 39 %

13 i E A AR 2 AR BRI L TE E 14 i E2H G FFAR 3 i 2T BRI

Fig. 14 Nose shape of pre-composted rod 3 in penetration

Fig. 13 Nose shape of pre-composited rod 2 in penetration
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BT AL Ak B R E A R RAE AR
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Table 5 Comparison of penetration depth between theory and test

at different initial velocities

451 v /(mes ) BLIN N i 5 /%

(xy + a2, +23) /mm h/mm
¥k 1356 82.2 84 2. 14
B4 G AT 1 1310 82.9 83 0.12
T B A A 2 1320 86. 8 84 3.33
B4 G TR 3 1200 80.5 78 3.21

* 6 REFLEHELREBEELFME LI
Table 6 Comparison of penetration depth between simulation

and theory with different rod structures

1R E
H,/mm B AH R HivitHE e/ %
h/mm (xy + x5 + 25) /mm

0 74.5 77.7 4.23

30 78.0 83.4 6.92
50 80.5 85.4 6.09
70 84.0 88.5 5.36
90 85.0 90.0 5. 88
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Simplified model of pre-composited rod’s normal penetration into steel target

WU Qunbiao', SHEN Peihui*, FANG Haifeng', FAN Jihua', CAI Lihua'

(1. Suzhou Institute of Technology , Jiangsu University of Science and Technology ,
Zhangjiagang 215600, Jiangsu, China;
2. ZNDY Ministerial Key Laboratory, Nanjing University of Science and Technology ,
Nanjing 210094, Jiangsu, China)

Abstract: In this study, to improve the penetration capability of the homogeneous long rod, a problem
whose solution has hit a bottleneck, we designed a new pre-composited rod fabricated with high densi-
ty tungsten alloy and high hardness tungsten carbide. It was validated through experiment and numer-
ical simulation that our newly-designed rod can form a sharp nose shape in the steady penetration
stage by cashing in on the different properties of different materials to improve the penetration capa-
bility of the long rod. Based on the experimental and simulated results, we presented a full description
of the physical image of the pre-composited rod’s normal penetration into a steel target, which can be
divided into three sections, those of the cratering, the composited rod, and the homogeneous rod,
with their theoretical models established respectively, thus obtaining the calculation model of the total
pre-composited rod’s penetration depth. The rationality of the model was verified by comparing it
with the experiment and simulation results. The conclusions from our study are helpful for the kinetic
design of weapons using the new long rod.
Keywords: high-density tungsten alloy; high-hardness tungsten carbide; pre-composited rod; penetra-
tion capability
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